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T h e Millennium Problems by Keith Devl in , 

Granta Books. Hardback ISBN 1862076863 , 

£20.00 ($29 .95) . 

On 24 May 2000 in a lecture hall at the 

College de France in Paris, Michael At iyah from 

the UK and John Tate from the US announced 

that a $1 million prize would be granted to 

those who first solved one of the seven most 

difficult open problems in mathemat ics. These 

are known as the "Mil lennium Problems", and 

the whole idea was an initiative of the Clay 

Mathematical Institute (CMI) , which was estab­

lished one year earlier by magnate Landon 

Clay. The list of problems was selected by a 

commit tee of top mathematic ians, including — 

along with Atiyah and Tate - Arthur Jaffe, the 

current director of the CMI, Alain Connes, 

Andrew Wiles and Edward Wit ten, the only 

physicist, who is also a Fields medallist. 

One-hundred years before, also in Paris, 

David Hilbert had given the famous address 

laying out an agenda for the mathemat ics of 

the 20th century. He proposed a total of 23 

problems; a few turned out to be s impler than 

ant ic ipated, or were too imprecise to admit a 

definite answer, but most were genu ine, 

difficult and important problems that brought 

instant fame and glory (if not necessar i ly 

weal th) to those w h o so lved t hem. 

S o m e of the dif ferences between the two 

sets of problems should be ment ioned. Whi le 

Hilbert 's set provided a guidel ine for mathe­

matics research, the Mil lennium Problems 

provide a descript ion of the current frontier of 

knowledge in the subject. The other important 

dif ference is that among the CMI set, two are 

inspired by deep physics problems: fluid 

dynamics and the structure of gauge theor ies. 

In this book, Keith Devl in, a well known 

mathemat ic ian who writes excellent books and 

articles for a lay audience, takes up the daunt­

ing task of explaining these problems as best 

as can be done to an audience assumed to 

have no mathematical sophist ication beyond 

the high-school curriculum - and all this in 

only about 200 pages! Al though such an 

ambit ious aim is nigh on surreal , the results 

are quite satisfactory. The book is able to 

communicate to a large extent the depth and 

importance of the problems, and to give a 

gl impse of the deep elation whoever solves 

them will feel. For anyone involved in research, 

the $1 million prize is a lmost beside the point. 

The author chooses to present the problems 

from the "simplest" to the most arcane. T h e 

first is the Riemann hypothesis. Deeply related 
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to the distribution of prime numbers, this is the 

only one of the problems proposed by Hilbert 

that has not been sett led. Technical ly, one 

needs to find the location of the zeros of a 

certain function (R iemann 's zeta funct ion). If 

proven true, there are literally hundreds of 

important results in number theory that would 

fol low, and it is quite likely that a poll among 

mathemat ic ians would identify this as the 

most important open problem in mathemat ics. 

The second problem has a physics f lavour 

to it. All the basic interactions in the Standard 

Model of particle physics are gauge interac­

t ions. If we consider the idealized situation of 

a pure gauge theory, we would like to have a 

mathemat ical ly sound proof that the quantum 

theory exhibits conf inement, and that the 

mass of the first excited state is definitely 

posit ive ( there is a mass gap) . Most physicists 

would agree with these propert ies, however , a 

real proof may provide completely new 

methods in quantum field theory that may 

bring a revolut ion similar to the invention of 

calculus by Leibnitz and Newton . 

T h e third problem is related to computa­

t ional complexi ty where one can ask, among 

those funct ions or proposit ions that can be 

compu ted , which are "easy " and which are 

"ha rd " . Problems that can be solved in poly­

nomial t ime with respect to the length of the 

input (in bits) are assigned to complexi ty 

class P, whi le the class NP contains problems 

that are considered hard because, so far, any 

algorithm used to solve them requires 

exponent ia l t ime. Among the latter, one of the 

most famous is the travel l ing-salesman 

prob lem. Nobody knows whether the 

c lasses P and NP are equivalent. This is a 

central prob lem in computat ional theory and 

its resolut ion may have far-reaching 

technological consequences . 

T h e fourth problem again has a physics 

f lavour, and is related to the Nav ie r -S tokes 

equat ion descr ib ing the fluid flow of an 

incompressib le fluid with viscosity. It is 

difficult to exaggerate the importance of this 

equat ion in the design of aeroplanes and 

ships. A l though there are plenty of approx ima­

tion and numer ical methods, as in the case of 

gauge theor ies, w e are still lacking a deep 

mathemat ica l methodo logy that will allow us 

to unders tand in detail the space of solut ions 

for given initial data. T o appreciate the diffi­

culty of the prob lem, a solution wou ld imply a 

detai led understanding of the phenomenon of 

turbulence - no smal l accompl ishment . 

T h e fifth problem is at the root of modern 

topology: the Poincaré conjecture. Roughly 

speaking, topology is the study of spaces that 

are stable under arbitrary cont inuous 

deformat ions. T h u s a tetrahedron or cube can 

be cont inuously deformed to a sphere, whi le it 

is impossible to do the same with the surface 

of a doughnut . It is a very interesting and 

legit imate quest ion to ask for the complete 

set of topological invariants in a given 

d imens ion . In the case of a two-dimensional 

sphere it is clear that we cannot lasso it. Th is 

property is known as s imple-connectedness 

and it character izes the sphere topological ly. 

Poincaré asked whether a similar property 

wou ld complete ly character ize a three-

d imensional sphere . During the 20th century 

we have ach ieved a topological classif ication 

for spaces whose d imension is different f rom 

three, cur iously the d imension where 

Poincaré 's conjecture was formulated. 

Progress in the past two decades seems to 

indicate that it may be sett led in the posit ive 

in a few years t ime. 

T h e last two problems are truly arcane. T h e y 

go under the names of the Birch and 

Swinner ton-Dyer , and the Hodge conjectures. 

T o exhibit the difficulty in explaining the first, it 

should be noted that definite support for it 

came f rom the settl ing of Fermat 's last theo­

rem by Wi les and the subsequent progress in 

the so-cal led T a n i y a m a - S h i m u r a conjectures. 

The problem is deeply rooted in the study of 

rational solut ions to special types of equa­

t ions (elliptic cu rves ) , which in turn are 

conta ined in the apparent ly unfathomable 0 
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world of Diophant ine equat ions. T h e Hodge 
conjecture is, according to Devl in, the one 
most difficult to formulate for a lay aud ience. 
Its resolution would provide deep insights into 
analysis, topology and geometry , but its mere 
formulat ion requires advanced knowledge in 
all three subjects. 

Devl in comes out with flying colours in his 
effort to make these fascinat ing prob lems 
accessib le to a wide aud ience. It is inevitable 
that there are some dark corners and a few 
inaccuracies in such a chal lenging task. 
However , for anyone interested in the frontiers 
of mathemat ics and scientif ic knowledge, this 
book provides enthrall ing reading. 
Luis Alvarez-Gaume, CERN. 

Measurement and Control of Charged 
Particle Beams by M G Minty and 
F Z i m m e r m a n n , Springer. Hardback ISBN 
3540441875 , €74.85 (£54.00, $79.95) . 

Th is is a special ist book written primarily for 
the high-energy part icle-accelerator 
communi ty , in which Minty and Z i m m e r m a n n 
present a contemporary v iew of charged-
particle beam measurement and control in 
high-energy physics ( H E P ) mach ines . With an 
eye on the next generat ion of such mach ines , 
the authors cover, in some detai l , the pioneer­
ing work being carried out around the wor ld 
on e lec t ron-pos i t ron linear coll iders. 

The subject matter and references are 
laudably taken from wor ldwide resources. The 
references are given in abundance and the 
authors have provided an admirable service 
by trawling through the ever-more vo luminous 
proceedings of conferences and schoo ls to 
list the key papers. There are 172 f igures, 
wh ich are frequent ly of " l ive" examples taken 
f rom the wor ld 's foremost HEP laboratories, 
and the authors have also taken care to 
expand the theory in the more advanced or 
less well known areas. Each chapter is 
backed up by exercises with solut ions that 
provide the authors with a useful vehic le for 
more theoretical explanat ions and alternative 
v iews that could not be convenient ly 
integrated into the text. Newcomers to HEP 
mach ines , however , should heed the warn ing 
on page 5 that the reader is expected to know 
basic optics and , one might add , advanced 
appl ied mathemat ics as wel l . 

The experienced reader can omit the intro­
ductory chapter 1, while newcomers would be 
better served by building their knowledge 
through the more basic references given by the 

authors. Thereafter, the book reads smoothly, 
starting with single-particle optics and moving 
progressively through emittance, photo-
injectors, coll imation, longitudinal optics, 
longitudinal manipulat ion, injection and extrac­
t ion, polarization and cooling. In general , the 
authors start by reviewing how to measure the 
parameters in a particular category and then 
continue with how to control those parameters. 

Chapter 2 starts with the measurement of 
t ransverse optical parameters. Many of the 
techn iques descr ibed are relatively recent and 
depend on the t remendous advances that 
have been made in digital electronics and 
onl ine comput ing power. The use of 
"mul t iknobs" is descr ibed. This concept has 
existed for many decades in the form of tune 
and chromatic i ty control using two indepen­
dent corrector famil ies, but it can be greatly 
extended using matrix techniques for quasi-
l inear sys tems and powerful matching 
routines for the more non-linear cases. 

Chapter 3 addresses the important subject 
of closed-orbit correct ion, where the reader 
will be brought up to date with jargon such as 
"corrector ironing" (page 87) . This chapter 
also includes newer topics such as wake-f ield 
bumps , dispersion-free steering, orbit 
feedback and dynamic orbits excited by an 
alternating-current dipole. Chapter 4 deals 
with the difficult task of emit tance measure­
ment and tackles both the t ransverse and 
longitudinal p lanes, bringing in equil ibr ium 
emit tances and the control of partition 

damping numbers . The next chapter briefly 
breaks the mould of the earlier ones by 
reviewing low-emit tance photoinjectors and 
the product ion of flat beams using a solenoid, 
which together are of great importance 
to linear coll iders. 

Chapter 6 takes up coll imation, but with only 
seven pages the reader sees relatively little of 
this critical subject. Coll imation is important in 
low-energy high-intensity machines, high-
energy superconduct ing machines and in 
e lect ron-posi t ron linear colliders. In each of 
these cases the problems and parameters are 
different. The coll imation proposals for linear 
colliders would havp fitted well into the context 
of this book, as the authors are clearly 
preparing for the next generat ion, while high-
efficiency coll imation for machines like the LHC 
is arguably an even more important topic that 
could have been included. 

The book then returns to the basic mould 
with excellent accounts of the measurement of 
longitudinal optics parameters in chapter 7, 
fol lowed logically by the manipulat ion of the 
longitudinal phase space in chapter 8. One 
small d isappointment is that the tomographic 
measurement of longitudinal phase space, 
al though ment ioned in one of the examples 
and referenced, is not treated in a separate 
sect ion as a diagnostic tool in its own right. 

Chapter 9 could be arguably more suited to 
a book on lattice design and contains some­
what surprising excursions into septum and 
kicker magnet design. However, the reader will 
no doubt f ind extraction by resonance islands 
and bent crystals highly interesting. Chapter 
10 on polarization fills a gap in the literature 
and the authors have accordingly paid more 
attention to theory. The practicalities of the 
harmonic correction of depolarizing reso­
nances, adiabatic spin flipping, tune jumps 
and Siberian snakes of complete and partial 
types are all addressed. The final chapter 
descr ibes the fascinating topics of stochastic 
cooling, electron cooling, laser cooling, ioniza­
tion cooling, crystal beams and beam echoes, 
many of which merit their own monograph. 

In summary , this book is a very we lcome 
and va luable addit ion to the accelerator 
literature. As noted by the authors, there is 
relatively little material in the book 
specif ical ly for low-energy machines, but 
industrial users may still f ind it useful to read 
the book and adapt or deve lop the ideas 
rather than apply them directly. 
Philip Bryant, CERN. 
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Supernovae and Gamma Ray Bursters by 
Kurt Wei ler ( ed ) , Springer. Hardback ISBN 

3540440534 , €89.95 (£69.00, $115.80) . 

The associat ion of gamma-ray bursts 

( G R B s ) with supernova ( S N ) explosions has 

been suspected since the d iscovery of GRBs 

by the Vela satellites in 1967. However , 

observat ional ev idence for a G R B - S N 

associat ion was first found accidental ly after 

the discovery of GRB afterglows 30 years 

later. The prompt search for an optical after­

glow of GRB980425 led to the d iscovery, two 

days after the burst, of a relatively nearby 

supernova , SN1998bw, whose sky posit ion 

and est imated explosion t ime were consistent 

with those of GRB980425 . The physical 

associat ion between them suggested that 

GRB980425 was produced by a highly 

relativistic and narrowly col l imated jet v iewed 

off axis and ejected by SN1998bw, which 

appeared to be unusual ly energetic for a 

supernova because it was v iewed near axis. 

These conclusions were not immediate ly 

reached by the majority of the GRB and SN 

communi t ies , who were more accus tomed to 

spherical models of SN explosions and GRB 

"fireballs". So the above ev idence for a 

G R B - S N associat ion was at first d ismissed as 

being either an accidental sky coinc idence 

between a distant GRB and a close S N , or as 

a physical associat ion between a new type of 

faint GRB (see p293 in the book) and a new 

type of S N , much more energetic than 

ordinary supernovae (SNe) and dubbed 

"hype rnovae " (see p p 2 4 3 - 2 8 1 ) . 

These interpretations began to erode, 

however , as observat ional data on optical 

afterglows of other GRBs accumula ted . The 

data indicated that GRBs take place in star 

format ion regions in host galaxies and their 

afterglows. In particular those of the relatively 

close GRBs show ev idence that long duration 

GRBs are produced by jet ted éjecta in SN 

explosions akin to SN1998bw, and not in 

fireballs produced by the merger of neutron 

stars in binary sys tems due to gravitat ional 

w a v e emiss ion. But it was the dramat ic 

spectroscopic d iscovery on 8 April 2003 of 

SN2003dh in the late afterglow of 

GRB030329 (see CERN Courier June 2003 

p5, p l 3 ; September 2003 p l 5 ) that 

conv inced the majority of the GRB and 

SN communi t ies that ordinary, long durat ion 

GRBs are produced in SN explosions 

akin to SN1998bw. 

The book Supernovae and Gamma Ray 

An artist's impression of a gamma-ray burst 

(Illustration by ESA/ECF.) 

Bursters edited by Kurt Weiler, an expert on 

radio SNe , appeared shortly before the 

discovery of GRB030329 and SN2003dh . It 

contains a collection of contributions on SNe 

and GRBs. Many of the contributions are very 

informative, wel lwr i t ten and satisfy the stated 

aim of Springer's Lecture Notes In Physics: 

" intended for broader readership, especial ly 

graduate students and non-specialist 

researchers wishing to familiarize themse lves 

with the topic concerned . " 

The first half of the book is devoted to 

SNe and includes contributions such as 

"Supernova Rates" by Enrico Capelaro and 

"Measur ing Cosmology with Supe rnovae" by 

Saul Perlmutter and Brian Schmidt. T h e 

second half is devoted to GRBs and includes 

contr ibut ions such as "Observat ional 

Propert ies of Cosmic G R B s " by Kevin Hurley, 

"X-ray Observat ions of GRB Afterglows" by 

Filippo Frontera and "Optical Observat ions of 

GRB Af terglows" by Elena Pian. 

However , the book as a whole is 

unba lanced, both in its coverage of SNe and 

GRBs and in its coverage of the possible 

G R B - S N associat ion, which presumably was 

its main a im. The first half covers in great 

detail ( seven out o f t en chapters) the fire­

works f rom the interaction of the SN éjecta 

with the SN envi ronment , but lacks a detai led 

discussion of our current knowledge of the 

different S N progenitors, the mechan isms that 

explode them and the compact remnants that 

are left over. It is needless to emphas ize the 

importance and re levance of these subjects to 

the G R B - S N associat ion. T h e second part of 

the book, wh ich is devoted to GRBs and their 

afterglows, focuses mainly (four chapters 

extending over 100 pages) on the 

observat ions of GRB afterglows, with only a 

single chapter (16 pages long) on the prompt 

gamma-ray emiss ion. Our current "theoretical 

understanding" of GRBs is summar ized in a 

single chapter, which is exclusively devoted to 

the presentat ion of the party line - the fireball 

model - as if it were a dogma. It does not 

d iscuss the model 's severe problems, nor 

possible future tests of the model . It does not 

even ment ion alternative models, such as the 

"Cannonbal l Mode l " , which is ab initio based 

on a G R B - S N associat ion, is falsifiable, and 

is much more predict ive and successful than 

the fireball models . 

In summary , the book contains some useful 

summar ies of observat ional data on SNe and 

GRBs , but sheds no light on the production 

mechan ism of SNe and GRBs, nor on the 

G R B - S N associat ion. 

Arnon Dar, Technion - Israel Institute of 

Technology, Haifa. 

Chercheurs entre rêve et réalité 
(Scient ists at the rim of reality) a fi lm by 

S a m y Brunett ( in French or English vers ions) , 

Blue in Green Product ions. DVD or V H S 

PAL €20 .00 . (Avai lab le directly f rom 

samy.brunet t@vi l lage .uunet .be . ) 

Bringing the fundamenta l physics research 

of today , or of the last 3 0 - 4 0 years , within 

the reach of the general public is a very 

difficult task. It is verging on the impossib le, 

to be perfect ly honest , as it requires some 

prior general scientif ic knowledge on the > 
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part of the public and a great c o m m a n d of 

the subject on the part of the au tho r (s ) . 

Hav ing said that, the difficulty of the task 

does not imply that it shou ld not be 

a t tempted , in fact quite the reverse. A n d this 

is wha t S a m y Brunett does in his D V D on 

the theory of everyth ing. 

T h e approach chosen for Brunett 's D V D 

is to use interviews and d iscuss ions with a 

number of young and not-so-young physic ists 

w h o are work ing for or at C E R N , s o m e of 

w h o m are well known and s o m e of w h o m are 

not (in any case, the general publ ic is 

unlikely to tell the d i f ference) . T h e s e 

physic ists are fairly representat ive of their 

profess ion, wh ich is a l ready a point in the 

D V D ' s favour, as they all speak with 

en thus iasm and pass ion . 

T h e interviews are p receded by a number 

of computer -generated images , not all of 

wh ich are entirely appropr iate to the sub ject 

matter, wh ich is, quite s imply , the origins of 

the universe - a different kettle o f f i sh 

al together to the f amous magic pot ion of 

As te r i x the G a u l ! However , hav ing said this, 

once the introduct ion is over w e do go on to 

meet the actual people work ing in phys ics . 

T h o s e of us w h o will recognize it may lament 

the rather drab sett ing of the C E R N 

cafeter ia, but the sent iments are well 

expressed and quite conv inc ing, whe ther they 

are uttered by young physic ists or by the 

leading lights of the f ield. 

Of course f rom a single v iewing of this 

D V D a lone, the " m a n in the street" is not 

going to aspire to unders tand wha t " w e " 

mean today by the theory fff every th ing, extra 

d imens ions , the very early un iverse or 

particle mass , especial ly s ince the links 

be tween the different sub jects are not a lways 

clear. However , its great merit - and 

certainly not the only one - is that it has 

been made and that it a l lows the v iewer to 

get an idea of today 's leading f igures in 

fundamenta l research. 

In the current w a v e of commemora t i ve 

events ( the recent centenar ies of the 

d iscovery of radioactivi ty and of Einstein 's 

first art icles, for examp le , or C E R N ' s 50th 

ann iversary this yea r ) , this kind of modern 

techno logy-based publ icat ion can do 

nothing but good for the rather stale 

image of this discipl ine of ours that is so 

difficult to popular ize. 

Alain Méric de Bellefon, PCC-Collège 

de France. 

Interactive Quantum Mechanics by 
Siegmund Brandt, Hans Dieter Dahmen 

and Tilo Stroh, Springer-Verlag. Hardback ISBN 

387002316 , €69.95 (£54.00, $69.95) . 

"Physica l intuit ion" is a precious com­

modity for all physicists. Richard F e y n m a n , 

when asked once what his intuition was 

concern ing a certain prob lem, is said to have 

replied that he didn't have any because he 

hadn' t done the calculation yet. C o m m o n 

sense is f requent ly a poor guide, even in the 

classical doma in , but there our intuition can 

be built up with the help of reasoned 

interpretations of phenomena we can 

exper ience directly, and by the per formance 

of many relatively s imple and realistic 

calculat ions. Gaining intuition about the 

quan tum wor ld is much harder: w e have 

little, if any, direct percept ion of it, and few 

realistic problems are mathemat ical ly easy to 

so lve. T h u s , s tudents have a hard t ime 

"thinking physical ly" when faced with 

quan tum problems. 

Surely computers ought to be able to help. 

Quite compl icated problems can be quickly 

so lved numerical ly, and - most important ly -

the results can be presented in a var iety of 

graphical forms. Indeed, several recent under­

graduate texts on quantum mechan ics have 

included disks demonstrat ing the solut ions of 

s tandard problems. These general ly have a 

modest capabil i ty for the student to "p lay with 

the parameters" , but there has been nothing 

more radically interactive. This book is the 

first (so far as I know) to fill this gap . 

In fact, it might be more accurate to 

descr ibe it as a computer program on a C D , 

accompan ied by extended notes, rather than 

as a book accompan ied by a C D . T h e 

program, cal led " I N T E R Q U A N T A " or IQ for 

short, has a self-explanatory user interface 

written in J a v a . It is easy to install and 

s imple to work with - the instructions are 

even sui table for computer illiterates like 

myself . It can be used passively, to watch 

(and listen to) demonstrat ions that illustrate 

the main points in the text, but in the second , 

interactive mode the user is offered 

considerable f reedom in designing the 

prob lems to be so lved and the ways in wh ich 

the answers may be d isp layed. As the authors 

put it, users can enter a "computer laboratory 

in quan tum mechan ics" . 

Eight phys ics topics are treated in as many 

chapters: free-particle mot ion, bound states 

and scatter ing, first in one and then in three 

d imens ions ; two-part icle sys tems in one 

d imens ion ; and special funct ions of 

mathemat ica l physics. Each chapter begins 

with a sect ion cal led "Physical Concepts " , in 

wh ich the relevant concepts and formulae are 

assemb led wi thout proof. Each sect ion of the 

text is careful ly keyed to a corresponding part 

of IQ, and the graphical outputs are well 

des igned and easy to read. More than 300 

numer ica l exercises are included to st imulate 

the reader 's explorat ion, and many contain 

useful prompts encouraging the reader to 

suggest a physical explanat ion for particular 

results. A final chapter contains hints for the 

solut ion of s o m e exercises, and an appendix 

provides a systemat ic guide to IQ. 

IQ conta ins much useful material , and the 

authors are to be congratulated on having 

produced someth ing rather novel that is so 

user fr iendly. But I bel ieve its va lue wou ld be 

greatly enhanced if the range of topics were to 

be signif icantly ex tended. For example , all the 

presentat ions are static, yet there are many 

fascinat ing and important t ime-dependent 

p h e n o m e n a in quan tum theory for which a 

"mov ie " wou ld be a valuable aid to under­

standing. A n d it is a pity that the whole vital 

area of perturbat ion theory is omit ted, where 

there is amp le scope for numerical 

instruct ion. A program that included topics 

such as these would surely be a major 

resource for both students and teachers. 

Ian Aitchison, Oxford. 
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